Introduction {#S0001}
============

Epidermal growth factor receptor tyrosine kinase inhibitors (EGFR TKIs) have survival benefits and a favorable safety profile in patients with metastatic non-small-cell lung cancer with EGFR sensitive mutations (mainly 19del or 21L858R mutation). However, severe adverse effects including interstitial lung disease (ILD) can occasionally result from the use of these inhibitors.[@CIT0001] Following recovery from ILD, the appropriate treatment option remains unclear. Among first-generation TKIs, given the variety of drugs available, patients typically switch to another TKI, although some patients are re-challenged with the previously used TKI.[@CIT0002] AC0010 is a novel third-generation TKI that selectively targets the T790M mutated EGFR and is currently under clinical investigation in China.[@CIT0003] Here, we report the case of a patient who developed ILD after AC0010 treatment and was subsequently successfully re-challenged with osimertinib ([Figure 1A](#F0001){ref-type="fig"}). The patient later developed resistance to osimertinib via a unique resistance mechanism.Figure 1Interstitial pneumonitis induced by AC0010 and successful treatment with osimertinib after recovery. (**A**) Treatments received by the patient and the duration of each treatment. (**B**) Chest computerized tomography (CT) images prior to administration of AC0010, during interstitial pneumonitis induced by AC0010, during the response to subsequent treatment with osimertinib, and following subsequent disease relapse at 11 months. The patient's interstitial pneumonitis presented as diffuse ground-glass opacity in the lung. His left pleural effusion remained stable during treatment with AC0010, but markedly decreased during treatment with osimertinib, the nodules in the lower left lung (blue arrows) also shrank. A soft mass (red arrow) was identified following progression with osimertinib after 11 months.

Case description {#S0002}
================

A 67-year-old male patient with EGFR 21 exon L858R-positive metastatic lung adenocarcinoma showed disease progression after erlotinib treatment (progression-free survival \[PFS\] 8.0 months). Amplification-refractory mutation system PCR in re-biopsied tumor tissue confirmed the T790M-positive mutation, so the patient was enrolled to a phase I trial of AC0010 (NCT02330367). The evaluated response after 1 month showed stable disease. On day 54 of AC0010 treatment, the patient began to experience dyspnea, cough, and fever. Chest computerized tomography canning showed diffuse ground-glass opacification in the lung ([Figure 1B](#F0001){ref-type="fig"}), while the cancer lesion and malignant pleural effusion remained stable. Etiological examination in sputum and plasma returned negative results. The patient was diagnosed with AC0010-induced acute ILD and was treated with methylprednisolone (80 mg per day initially; gradually decreased thereafter) and empirical antibiotics.

Following recovery from ILD, pemetrexed was administered, resulting in severe myelosuppression. Osimertinib (80 mg per day) was subsequently administered under close monitoring and resulted in partial remission ([Figure 1B](#F0001){ref-type="fig"}) without any adverse effects. PFS was 11 months.

Following re-biopsy after progression on osimertinib, pathological examination showed a histological transformation from adenocarcinoma to large-cell neuroendocrine carcinoma ([Figure 2](#F0002){ref-type="fig"}). Meanwhile, the level of neuron-specific enolase(NSE) in serum was markedly increased ([Figure 3](#F0003){ref-type="fig"}), indicating neuroendocrine neoplasia,[@CIT0004] while next-generation sequencing (NGS) -based liquid biopsy showed EGFR 21L858R mutation (the allelic frequency was 7.9%) without T790M mutation. No other gene variation with clear clinical significance was identified.Figure 2Histopathological and immunophenotypic evolution of re-biopsied tissue after progression with osimertinib. Hematoxylin-eosin (HE) staining revealed undifferentiated large cell carcinoma. Immunohistochemical staining for synaptophysin (SYN) revealed strong positivity. Staining for thyroid transcription factor 1 (TTF1) was also positive, and staining for Ki-67 showed 80% positivity.Figure 3Changes in serum tumor markers. Serial monitoring of the levels of carcinoembryonic antigen (CEA), neuronal specific enolase (NSE), and pro-gastrin-releasing peptide (ProGRP) showed that the level of NSE was markedly increased during progression on osimertinib.

Discussion {#S0003}
==========

The incidence of ILD associated with first- and third-generation EGFR TKI treatment has been reported as 1--5%.[@CIT0002] In the AURA3 trial, 10 cases of pneumonia (4%) were reported, of which one was fatal.[@CIT0005] The diagnosis of TKI related ILD is dependent on the history of medication, new interstitial disease in chest imaging, and exclusion of infection and tumor progression, and most patients recover with timely glucocorticoid therapy.[@CIT0001]

Subsequent antitumor treatment options are limited; however, successful switching from one first-generation EGFR TKI to another because of severe adverse effects has been reported.[@CIT0002] Osimertinib is the only globally approved third-generation EGFR T790M inhibitor. Successful re-challenge with osimertinib after recovery from ILD related to osimertinib has been reported in several cases in non-small-cell lung cancer.[@CIT0006] However, re-challenge with the previously used drug may lead to recurrence of ILD.[@CIT0002] AC0010 is used in China as a novel third-generation EGFR TKI target of the T790M mutation, and has demonstrated initial efficacy in a phase I trial.[@CIT0003] As shown in our patient, however, it can also induce severe ILD, and subsequent osimertinib therapy achieved better efficacy and prolonged PFS without the recurrence of ILD. This observation indicates that these two third-generation TKIs do not share common toxicities, with osimertinib appearing to be more effective.

Although the mechanisms of resistance to osimertinib appear to be highly heterogeneous, no dominant mechanism has been identified to date. Transformation of cell types can be found in resistance to both first- and third-generation TKIs, and mostly involves transformation from adenocarcinoma to small-cell lung cancer.[@CIT0007] Transformation from adenocarcinoma to large-cell neuroendocrine carcinoma is extremely rare, and cases reported to date as an acquired resistance mechanism to EGFR TKIs are summarized in [Table 1](#T0001){ref-type="table"}. In the majority of these cases, the transformation occurred following treatment with a first-generation TKI, while only two cases (included the present case) have shown transformation after osimertinib.Table 1Reported cases of large-cell neuroendocrine carcinoma transformation as an acquired resistance mechanism to EGFR TKI in patients with non-small-cell lung cancer with initial EGFR sensitive mutation (19del or 21L858R mutation)StudyPatient (Age/Sex)1st BiopsyPrior EGFR TKI2nd BiopsySubsequent therapy3rd BiopsySubsequent therapyPathology/EGFRTKIs/PFS (M)Pathology/EGFRPathology/EGFRYanagisawa et al[@CIT0008]46/MAdeno./19delGefitinib/24MsLCNEC/19delUknownLim et al[@CIT0009]33/MAdeno./19delErlotinib/10MsLCNEC+Adeno/NAEtoposide-CisplatinKogo et al[@CIT0010]68/MAdeno./L858Gefitinib/11MsLCNEC/L858IrinotecanMoriya et al[@CIT0011]58/FAdeno./19delGefitinib/96MsLCNEC+Adeno./19delNoneBaglivo et al[@CIT0012]57/MAdeno./19delErlotinib/48MsAdeno./19del+T790MOsimertinib (1M)\*LCNEC+Adeno./19delNoneRicordel et al[@CIT0013]57/MAdeno./19delGefinitib/11MsAdeno./19del+T790MOsimertinib (10M)LCNEC/19del+T790MRadiation therapy + OsimertinibPresent case67/MAdeno./L858Erlotinib/8MAdeno./L858+T790MOsimertinib(11M)LCNEC/L858Radiofrequency ablation + Etoposide-Carboplatin[^1][^2]

We noted that one case with pathological type transformation accompanied by T790M mutation loss. Similarly, our patients also have T790M loss. We hypothesized that the loss of T790M mutation was an accompanying resistance mechanism during cell type transformation. Subsequent treatment is challenging for these patients, and histopathological biopsy is instrumental in diagnosing the transformation. We found that the NSE level was markedly increased during progression on osimertinib, indicating that NSE detection may represent cell-type transformation.[@CIT0004] However, NGS-based liquid biopsy in plasma did not identify any characteristics or specific targets, except for retention of the initial EGFR mutation.

Conclusions {#S0004}
===========

This is the first report of interstitial pneumonitis caused by AC0010, a novel third-generation EGFR TKI that selectively targets the T790M mutated EGFR. Re-challenge with osimertinib after recovery from ILD was successful, and represents a safe and effective treatment option for this patient population. Our case also shows that pathological transformation of large-cell neuroendocrine carcinoma is one of the resistance mechanisms of osimertinib. In addition to pathological detection, increased serum NSE may indicate pathological transformation.
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[^1]: **Notes:**\*The patient was diagnosed with large-cell neuroendocrine carcinoma transformation after 1 month of osimertinib treatment, indicating that the transformation was a resistance mechanism of erlotinib rather than of osimertinib.

[^2]: **Abbreviations:**Adeno., adenocarcinoma; LCNEC, large-cell neuroendocrinal carcinoma; EGFR TKI, epidermal growth factor receptor tyrosine kinase inhibitors; PFS, progression-free survival.
